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ABSTRACT 
Studies using the dental videoscope have identified so called “microgrooves” and “micro-
islands of calculus” on root surfaces within periodontal defects.  These grooves have been 
observed in vivo due to the visualization up to 60x and access of this novel instrument.  Studies 
have identified a prevalence of 49-79% of these grooves in periodontal defects.  The etiology and 
nature of these microgrooves have not been explored to this date.  
Teeth were collected from the undergraduate and graduate clinics that were deemed 
periodontally hopeless.  These teeth were then lightly scaled and examined with the videoscope 
for microgrooves.  Teeth were selected to be studied histologically to see the nature of the dentin 
and cemental interface of the grooves.  Additionally, dried specimens collected previously in 
private practice, as well as non-periodontally involved teeth were observed.  The control 
specimens were scaled with zero, one, or ten strokes to determine the effect of scaling upon the 
root surface.,  
Microgrooves were found to be involved with changes of the cementum, including 
cellular cementum and reparative cementum.  No major defects were found associated with the 
dentin, other than some darkening in one specimen, as well as evidence of external root 
resorption and cemental repair in another specimen.  
Based on the literature review, as well as the specimens studied, it is postulated that 
microgrooves are disturbances of the cementum, that may be associated with changes in the 
underlying dentin.  They are believed to be associated with periodontal disease, and may be 
associated with occlusal discrepancies, gross anatomical characteristics, as well as iatrogenic 
iii 
root planing.  They are believed to be distinct from Sharpey’s fibers attachment areas, and are 
possible precursors to cemental tears and dentinal fractures.  
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 Dr. Harrel has coined the terms “microgrooves” and “micro-islands of calculus” to 
describe surface anomalies of tooth roots associated with periodontal defects.  With his invention 
of the videoscope, he has been able to visualize in vivo root surfaces to a magnification 
previously impossible.  This descriptive study seeks to characterize these structures intraorally 
and extraorally using the videoscope, and histologically with a microscope.    
 Visualization of surgical procedures has evolved over the years.  Dental loupes have 
aided in increasing magnification to about a maximum of about 5x, while helping in ergonomics 
for a wide range of procedures. The ability to see teeth and structures clearly with loupes has 
made them nearly mandatory for dental students and dentists today. 
 Beyond loupes, dental microscopes and their ability to see in greater detail have helped 
pave the way of minimally invasive surgery.  Microscopes have been found to be invaluable in 
some specialties, such as endodontics, but have not been as widely adopted in the United States 
in periodontics, because of their cost, steep learning curve and limited field of vision(1). 
Minimally invasive surgery was first coined as a term in an editorial in the British Journal 
of Surgery in 1990 (2). The authors were seeking to describe a term for visually aided surgery 
with small incision design, that was not dependent on a specific technology, as technologies 
would continue to change and evolve with time. The benefits of minimally invasive surgery are 
simple.  A smaller surgical wound is made for access, and the patient experiences less pain, less 





The dental endoscope was developed as a way to see non-surgically into periodontal 
pockets and the sulci of teeth (4).  It consists of a fiber optic bundle that is connected to a 
sapphire lens and inserted in the sulcus.  The endoscope requires a flow of water to keep the lens 
clear from debris.  Many practitioners embraced this technology as a way to find and remove 
residual calculus during scaling and root planing procedures.  This technology was also used to 
show a direct correlation between plaque covered calculus and gingival irritation, as well as 
between excess cement on implants and periimplantitis (5, 6). The advantages of the endoscope 
are non-surgical access to root surfaces for visualization of the subgingival space, however, the 
low resolution and learning curve for the use of the endoscope has prevented it from gaining 
mass appeal in periodontics.  
Combining the ideas of medical laparoscopic type surgery and the dental endoscope, Dr. 
Harrel invented the videoscope (now being marketed as MicroSight by Q-Optics).  The 
advantages of the videoscope are a higher degree of resolution vs the endoscope, and an air flow 
system to keep the lense clear, vs a liquid system.  The videoscope, however, does require 
surgical access, but still much minimal flap retraction compared to a traditional periodontal 
surgery.   
For most single sites, Dr. Harrell recommends a papilla sparing incision from the lingual 
with two halves of the adjacent teeth accessed intrasulcularly, and a split thickness incision to the 
base of the bony defect.  This compares to an incision on at least three teeth on both facial and 
lingual using full thickness flaps for traditional periodontal surgical access.  Using the 
videoscope for visualization of removal of granulation tissue and root-bound debris, and then 





data of 3.57 mm gain in CAL and virtually no recession (7).  These practical clinical results 
using the videoscope in grafting periodontal defects are very promising.  
Technologically, the videoscope differs from traditional medical endoscopes.  Medical 
endoscopes are either rigid or flexible, and consist of optical prisms that carry the images to an 
external camera.  Rigid endoscopes are not ideal for periodontal access.  Flexible endoscopes 
could have applications, but the glass fibers are very fragile and cannot be sterilized, and must be 
covered by a sterile sheath.  The videoscope, instead consists of a high definition camera that is 
actually in the surgical opening, without the need for fragile glass fibers, and also a device that 
may be sterilized (7).  
The dental videoscope was adapted from a medical videoscope used for non-surgical 
visualization of the calyx of the kidney.  The camera and illumination are contained within a 2.7 
mm diameter tube.  This small diameter allows for access into minimally invasive surgical 
incisions.   
For shielding of the camera from blood and debris, Dr. Harrel developed an air shield 
system, where a low pressure air stream protects the camera from blood and debris.  This 
combined with a carbon fiber retractor act to gently push tissue aside and prevent contamination 
of blood on the camera surface. 
During surgical VMIS procedure, roots are mechanically debrided.  Small micro-islands 
of calculus as well as “microgrooves” have been found by Dr. Harrel that were unable to be 
easily removed with hand instruments or cavitron.  To remove the residual material on the root 
surface, EDTA is burnished on the root surface and left for two minutes, then rinsed away with 
saline, leaving a cleaner surface.  Next, EMD and bone graft are added to the defect with the goal 





treatment, small grooves on the root surfaces have been identified, some of which were believed 
to be harboring plaque and bacteria.   
Microgrooves may be a result of disease, iatrogenic effect, congenitally, or because of 
another unknown reason.  The term “microgroove” is not an official term classified by the 
American Academy of Periodontology and must be distinguished between several different 
causative agents.   
Cementum 
In order to describe microgrooves, we must first look at the natural components of the 
periodontium.  The periodontium consists of alveolar bone, the periodontal ligament, gingival 
attachment and cementum.  Because the cementum is the most outer aspect of the tooth surface, 
the cementum and attachment to the periodontal ligament seems to be the most critical aspect to 
examine and characterize microgrooves.   
The periodontium arises from the dental sac during embryologic development, which is 
of mesenchymal origin.  Cementoblasts begin forming a layer of organic matrix over areas 
defined by the Hertwig’s epithelial root sheath over the dentin.  For its first layer of deposition, 
cementoblasts lay thin, mineralized matrix with “intrinsic fibers,” which run parallel to the root 
surface.  Cementum’s organic matrix consists mostly of type I and III collagen, produced by 
cementoblasts (8).  This is in contradistinction to the “extrinsic fibers,” which are of periodontal 
ligament origin and are oblique or perpendicular to the tooth surface.  These extrinsic fibers are 
also known as Sharpey’s fibers, which also connect similarly to the alveolar bone proper.   
The Sharpey’s fibers connect in broader and wider spaced intervals into the bone, vs the 





vs the cementum  (8).   Therefore, traumatic forces will lead to more remodeling on the bone 
surrounding the teeth, vs the cemental surfaces.   
Cementum also consists of the non-collagenous proteins, sialoprotein and osteopontin, 
which aid in mineralization and maintaining structural integrity of the cementum (9). Also, 
proteoglycans are present and are believed to aid in preventing mineralization of collagen fibrils 
(10). 
Schroeder classified cementum into four categories, based on cellularity and fibrillar 
content (11).  Acellular, afibrillar cementum, (AAC) which presents without cells or either 
intrinsic or extrinsic fibers, and is found at the most coronal aspect.  Next, acellular extrinsic - 
fiber cementum (AEFC) is found in the cervical third and contains many Sharpey’s fibers.  
Functionally, the AEFC supports the tooth, with its fibrous connections to the periodontal 
ligament.  Apically, there is more cellular cementum, which is the cellular mixed-stratified 
cementum (CMSC).  Within this zone, cementocytes may be seen within lacunae with canaliculi 
processes.  There is also the cellular intrinsic-fiber cementum, (CIFC) which functions as 
adaptive formation in order to adapt to tooth movement and crown wear, as well as acting as a 
reparative cementum to fill in resorbed root surfaces (9).  Broadly, we see cementum varies 
based upon its location on the tooth root location, as well as its function, either containing fibers 
or not.   
Cemental tears and pathology 
 Cemental tears must be discussed in relation to a pathologic process involving the 
cementum.  Cemental tears are a detachment of the cementum from the underlying dentinal 
surface.  Because of the strong connection of the Sharpey’s fibers to the cementum, this bond is 





The dentin -cementum layers are bound with a thin glycoprotein like layer.  This connection is 
believed to be the weakest link, compared to the cemental-periodontal ligament connection in 
which the fibers are embedded within the cementum.   
 Traumatic occlusal forces are believed to be the primary cause of cemental tears (12). 
This would make sense as these are forces greater than the periodontium is designed to handle 
without some sort of biological and physical damage. Ishikawa also identifies aging combined 
with excessive occlusal forces as a hypothesis of etiology (12). 
 However, it is also suggested that the pathological damage of periodontitis plays a role in 
affecting the surface of the cementum, which may be related to cemental tears.  From Moskow’s 
1969 article, he cites Selvig who suggests that the “increased mineral content of the cementum 
lining the pocket wall alters the structure of the cementum in such a way as to render it more 
brittle” (13, 14). Selvig suggests a connection between periodontal pathogenesis and cemental 
damage.  This is substantiated by Shroff, who postulates that the metabolic activity of bacteria 
alters the surface of the cementum, making it more susceptible to calculus attachment (15).  So, 
the cementum is at risk from damage from both traumatic occlusion, as well as periodontal 
disease, which may lead to cemental tears. 
In response to trauma and orthodontic forces, odontoclasts will arrive from the bone to 
resorb cementum and underlying dentin.  These create resorption bays that are termed Howship’s 
Lacuna.  When resorption finishes, a reversal line is formed and reparative cementoblasts fill 
these bays. Because odontoclasts arise from the vascularized bone marrow, it is believed that 
their destruction of the bone is overall more severe compared to their effect on the non-





  Furthermore, cementum has been found to be subject to wear and breakdown.  It is also noted to 
be porous.  As such, bacteria can pass through minifractures and cracks.  Notably, lipopolysaccharide, 
also known as endotoxin or LPS, has been detected at 40-70 microns within cementum of periodontally 
diseased roots.  Also, Daly found microbial deposits up to the cemento-dentinal junction (17). He 
therefore recommended removing the cementum entirely, in an attempt to debride the root surface.  
This idea has since been refuted and is considered clinically unnecessary, but one can at least 
understand the rationale behind this notion in an effort to completely debride the root surface (18) .  
Furthermore, Adriens noted that roots of periodontally diseased teeth may act as “bacterial reservoirs” 
(19).  
  Although bacteria and LPS may be difficult to remove from within the cementum, it should be 
noted that normal scaling and root planing will remove most of the surface level of LPS.  Still, this 
does not account for the LPS and bacteria that may be within the root (20).  Although studies have 
shown effective periodontal treatment including regeneration on diseased cemental surfaces, the 
persistent presence of LPS within cementum is of concern for implications of pathology.   
Calculus attachment  
 The nature of calculus attachment was first described by Zander in 1953 (21). From his 
study, he had 50 specimens examined by light microscopy of cross sections of teeth where 
calculus was attached to root surfaces.  He found cementum attaching with a secondary cuticle, 
believed to be an epithelial connection between the calculus and the cementum.  Second, he 
described calculus attaching into the irregularities of the cemental surface.  Thirdly, he showed 
bacteria penetrating into the cementum.  As well as fourthly, he showed resorption areas of the 





attachment is likely a combination of each of these methods, with variations among individuals 
and teeth.  Thus, we see through Zander’s landmark study the mechanisms in which calculus and 
bacteria attach to the cemental surfaces.  
This third assertion,  that bacteria penetrates into the cementum was refuted by Canis in 
1979 with his SEM study of 63 specimens (22). Still, he substantiates the tenacious attachment 
of calculus to cementum, stating that in many cases, the cementum and calculus were nearly 
indistinguishable. So, Canis substantiates Zander’s claims of calculus attachment, but questions 
bacterial invasion into cementum.  
Interestingly, when the cemental layer was removed around periodontally involved teeth, 
Kina found bacterial penetration to be evident within dentinal tubules (23). Conversely, in his 
observed specimens, he found the cementum to be protective to the dentin, preventing bacterial 
invasion.  This idea of bacterial invasion into the dentin is supported by Adriaens, who 
conducted a similar study (24). Adriaens noted that bacteria were “found in the spaces between 
remnants of Sharpey's fibers and their point of insertion in the cementum” (24).  Here he 
demonstrates a point of entry where bacteria may gain a foothold into damaging the cemental 
surface. So it may be concluded that the cementum acts as a kind of frontline defense against 
bacterial invasion of the tooth structure, and that damage to the cementum may lead to bacterial 
invasion into the dentin tubules.  
Plaque 
We next examine how plaque leads to calculus formation.  Plaque is a dynamic biofilm of 
bacteria species.   Plaque formation begins with gram positive, non-motile species such as 
streptococci, then gradually transforms to actinomyces and other gram negative anaerobic as 





creation.  Secondly, the bacteria builds upon itself in a process called “cohesion”(26).  This 
process continues with further binding of bacteria into a complex ecosystem.  These biofilms 
then begin forming a mineralized layer which becomes calculus.   
Calculus  
 Since we’ve discussed cementum, it’s worth investigating calculus and its role in 
pathogenesis.  Calculus is mineralized plaque, deriving its mineralization content from the saliva 
and gingival crevicular fluid.   
Calculus in itself is not believed to be pathogenic, save for it containing endotoxin.  This 
was shown by Allen by injecting sterilized calculus into guinea pig peritoneum (27). Although 
there was a suppurative response, this was explained because of the presence of endotoxin which 
remains stable despite heat treatment.  Although sterile calculus is believed to be innocuous to 
tissue, its constituents of endotoxin and possibly some other mechanism may make it noxious to 
tissue.   
 It is, however, the bacteria containing plaque that is on top of the calculus which leads to 
gingivitis and periodontal disease.  This was demonstrated in an article by Wilson using the 
dental endoscope to observe calculus deposits on root surfaces subgingivally.  In over 60% of 
cases, inflammation of the gingiva adjacent to plaque covered calculus was observed (5).  This 
was shown by the color of the inner pocket of tissue adjacent to the calculus.  Brighter red tissue 
was labeled as inflamed.  This is the only study, to our knowledge to show this direct correlation 
between plaque covered calculus and gingival inflammation.   
Calculus forms in slightly alkaline environments, as is hypothesized that this is a 





Subgingival calculus was found to be rougher vs supragingival calculus (29).  This notable 
because the more aggressive bacteria are found subgingivally within periodontal pockets. 
Gingivitis and Periodontal Disease 
 Plaque and biofilm in itself has been shown to be causative of gingivitis.  Löe famously 
showed how discontinuing toothbrushing for two weeks would induce gingivitis, a disease which 
is reversible within 7-10 days of continuing removal of plaque with brushing (30). Gingivitis is 
characterized by inflammation of the gingival tissue, with possibility of more erythema, edema, 
bleeding upon probing, as well as pain.  Thankfully, if gingivitis is arrested before continuing to 
periodontal disease, it may be reversed and controlled with removal of plaque.   
 Page and Schroeder showed histologically and biologically the stages of gingivitis (31).  
The initial lesion at 2-4 days begins with neutrophils phagocytizing bacteria.  As is observed, not 
only is there insult by bacteria, but some tissue injury results as well.  Some loss of peri-vascular 
collagen is observed.  At one week, the early lesion is observed, with up to 60-70% of 
extracellular collagen breakdown, as well as changes seen in rete peg formation.  Here, the 
lymphocyte is the primary cell observed.  At 2-3 weeks, plasma cells begin to dominate, as the 
humoral response begins.  This is coupled with proliferation of junctional epithelium apically 
with pocket formation.  Finally, this culminates into an advanced lesion once the connective 
tissue and alveolar bone are affected.  Page and Schroeder showed through a series of histology 
the progression from gingivitis to periodontitis on both a level of tissue infiltration and 
destruction, as well as which cells dominate each stage.    
 Page and Schroeder’s discoveries of the inflammatory process in periodontal disease may 
be correlated with inflammatory markers which identify the biologic signaling throughout each 





Cytokine release by the host leads to a further inflammatory response.  The cytokines most 
identified in periodontitis are interleukin-1 beta, interleukin-8, prostaglandins, and tumor 
necrosis factor-alpha (32). Along with soft tissue damage, the RANK-L/OPG ratio is disrupted, 
leading to the induction of osteoclasts and bone destruction.  As the host seeks to fight bacterial 
insult, inflammatory signals are created that lead to further tissue destruction as the host fights 
the insult.   
 The nature of tissue destruction via host signaling, as well as the opposite, host protection 
via host signaling has recently been investigated by Dr. Van Dyke (33).  His group’s 
investigation of lipid mediators and resolvins shows the host’s ability to turn off the 
inflammatory process, and thus retard tissue destruction.   
 So we see that gingivitis initiates a cascade of inflammatory response, in which there is a 
progression of host response to bacterial challenge, as well as a progression of tissue destruction.  
Each of these steps is tightly regulated by cytokine cell messaging.  
Occlusion 
 Having discussed plaque, bacteria and periodontitis, next we see how occlusion 
contributes to periodontal pathology.   
 Occlusal destruction was first described by Glickman in 1963 (34).  According to his 
studies, he postulated a zone of co-destruction.  First, bacteria would infiltrate the zone of 
irritation, in the sulcus and into the gingival tissue.  Secondly, this inflammation would affect the 
zone of co-destruction, which consisted of the periodontium apical to the pocket.  Once 
inflammation reaches this zone, he believed that further destruction would be potentiated by the 
occlusal forces.  Although his mechanism of destruction is not supported today, his idea that 





 The only study showing the effect of the intervention of occlusal adjustment on 
periodontal pocketing on a tooth by tooth basis, is Harrel and Nunn (35).  Dr. Harrel observed 
occlusal discrepancies in patients and either treated these discrepancies, or if the patients elected, 
left them untreated, but still observed changes in pocketing and attachment level over time.  
Surprisingly, about a .1 mm per year difference was found between groups, with untreated teeth 
showing more pocketing.  Balancing (non-working) contacts had even worse outcome, and cross 
tooth balance, meaning discrepancies in both working and non-working showed the worse 
outcomes.  Harrel and Nunn’s paper shows a direct relationship between occlusal discrepancies 
and periodontal pocketing and destruction.  
 Since occlusion contributes to pathology in the periodontal pocket, leading to greater 
pocket depths, it is conceivable that it may contribute to the attachment to the cementum as well.   
Anatomic Anomalies and Variances 
 Next we will examine anatomical variances that may influence periodontal condition.   
 First, one of the most distinct periodontal grooves in the cementum are palatoradicular 
grooves, as described by Kogon in 1986 (36).  The prevalence of these grooves was found to be 
about 5% in his 3,168 extracted tooth study.  These grooves are characteristic of the lateral and 
central maxillary incisors.  For laterals, 43% of grooves that terminated on the root extended less 
than 5mm on the root, 47% between 6-10mm, and 10% more than 10mm.  54% of all 
depressions were shallow (less than 1mm), 42% deep (greater than 1mm), and 4% closed tube. 
Also notable, was an observed displacement of the CEJ, either apically or incisally in about 35% 
of specimens.  These congenitally formed grooves are evidence of anatomical variance in the 





 Not only are these palatoradicular grooves found to be anatomical variances, but they 
also are found to affect the periodontal condition.  In Hou’s 101 patient study, he found that 
grooves on the mesial or distal aspect of the tooth were associated with 4mm or greater probing 
depth (37).  This association may be explained by plaque and bacteria becoming trapped in these 
grooves, and because of their narrow anatomy, having less easy of cleansability or cleaning.  
This supports Wither’s prior assertion that teeth with longer and deeper palatoradicular grooves 
have a poorer periodontal prognosis, and may be indicated for extraction (38).  So we observe a 
pathological component associated with natural tooth variances.   
 Another anatomical variance that leads to periodontal influence and destruction are 
enamel pearls and enamel projections.   
 Enamel projections, which are extensions of enamel beyond the CEJ and onto the root 
surface, have been shown to negatively affect the periodontium.  Masters and Hoskins found a 
90% correlation between enamel projections and furcation involvement (39). These projections 
were found to have a prevalence of 29% of mandibular molars and 17% of maxillary molars.  
Given their relatively high incidence, with very high rate of furcation involvement, one can 
appreciate the need to identify and treat these conditions.   
 Furthermore, root grooves have been shown to harbor bacteria and create periodontal 
pocketing.  Leknes, in his study of extracted teeth, examined mandibular incisors and maxillary 
premolars with naturally occurring proximal root concavities (40).  He examined the relationship 
between the distance from the retained periodontal ligament to the CEJ among specimens.  He 
found a significant correlation between teeth with grooves vs teeth without grooves (41).  
Continuing with his investigation, he found that incisors generally presented with a more shallow 





V-shaped groove (42).  So, Leknes shows how because of naturally occurring root formations, 
plaque and bacteria may be trapped leading to periodontal involvement.  Lekness also finds that 
the more apical and deeper the defect, the greater the involvement.   
Iatrogenic Effects on Root Morphology 
 Root instrumentation can affect tooth morphology.  In one example in endodontics, 
Yoldas and coworkers performed a randomized control trial comparing rotary files with hand 
files to see their effect on the root dentin.  The rotary instruments were observed to create 
“microcracks” in the root dentin, compared to the hand filing which did not (43).  Although these 
microcracks are in different locations (within the root vs on the outside), they still demonstrate 
the iatrogenic effects on teeth of using normal protocol that may irreversibly change root 
morphology and create microcracks.  This one example of this phenomenon is supported by 
other papers describing similar findings (44). 
 Subgingival restorations and restorations with discrepancies of their adaptations have 
been found to affect the periodontium.  Valderhaug found that subgingival restorations presented 
with a greater number of gingival index of 2 and 3, as well as slightly deeper probing depths, vs 
non-subgingival restorations (45).  This may be related to a microgap or of the presence of a 
foreign material that causes the body to attempt to make a biological width from foreign 
material, as well as a possible crevice for bacterial colonization.  In fact, Mannerberg found that 
crowned teeth presented with significantly greater amounts of leukocytes and gingival exudate, 
vs contralateral non-crowned teeth (46).  These examples show how restorative dentistry 
materials iatrogenically may affect the periodontium and cause an inflammatory response.   
 Another incidence of iatrogenic effects on the periodontium can follow instrumentation 





correlated with plaque formation, through SEM examination (47).  Diamond instrumentation 
leads to a much rougher root surface, vs curetting, which may lead to bacterial colonization (48). 
So, the smoothest possible root surface with the least damage to the root is desired.  And using 
diamond high speed to clean root surfaces creates rough micro-grooves, in which bacteria may 
adhere and begin to colonize.   
 Notably, studies have been done to measure the amount of cementum removed with 
normal root planing.  Zappa found that with only seventy strokes, the entire cemental surface 
may be removed (49).  Coldiron found similar results, demonstrating that with fifty strokes, 125-
215 micrometers of cementum may be removed, depending on force applied, as well as 
sharpness of the curettes (50). This was especially important to clinicians during the 1970s and 
1980s, as findings of contamination of cementum became more apparent.  Many believed during 
that time, that in order to detoxify the root surface, that the cementum must be removed.  This 
was later refuted by Nyman, who demonstrated regeneration is possible on previously diseased 
root surfaces (51) .  Nonetheless, one can appreciate the iatrogenic effects of root planing upon 
the cemental surface, which has been shown with enough force and strokes, to possibly entirely 
remove the cemental surface.   
Microgroove Prevalence and Characteristics: 
 Beyond all of this background information, most pertinent to this study is Harrel’s 2016 
VMIS and dry skull study examining the prevalence of microgrooves around periodontal defects.  
This study is notable, because microgrooves as such, had not previously been described in the 
dental literature.   Dr. Harrel et al examined sites from video from VMIS procedures.  Of 66 





microgrooves, while 13 were negative. That’s 79% of sites that were positive for microgrooves 
that were identified by the videoscope during VMIS procedures (52). 
 For the dried skulls, 200 skulls were examined and 86 vertical periodontal defects were 
found.  17 of these sites were not readable due to caries, fracture or glue.  69 sites were included 
and 34 sites were noted as positive for microgrooves, as three examiners corroborated these 
findings.  So, among the dry skulls, 49% of sites were found positive for microgrooves.  The 
authors speculated that more were not found positive due to the constraints of not being allowed 
to instrument the root surfaces of the calculus, which likely would have revealed more 
microgrooves.   
 The Harrel study described a phenomenon with a prevalence of 49-79% associated with 

















CHAPTER II  
STUDY DESIGN 
 
Background to issue 
Advances in visualization have aided dental therapy throughout the years. From loupes, 
to the surgical microscope, these tools have helped dentists diagnose and treat disease more 
effectively.  Over the last two decades, the dental endoscope has provided non-surgical 
intrasulcular visualization of residual calculus and cement. Recently, using technology adapted 
from medicine, the dental videoscope has created means of visualizing tooth structure at a 10X -
60X magnification.   
Under this power of magnification during surgical treatment of periodontitis, what 
appears to be defects in the tooth root structure and residual micro-islands of calculus in and 
surrounding these defects have been observed. Residual calculus creates risk of inflammation 
and may interfere with post -healing.   
A recent report has shown that the defects noted above in the form of a depression on the 
root surface are associated with periodontal damage.  These depressions have been termed 
micro-grooves and were seen in 79% of the defects evaluated in the study (1). Clinically, when 
visualized with the videoscope (10-60X) these microgrooves appear to be filled with a material 
that resembles calculus.  
At this time only an association between the microgrooves and periodontal destruction 
has been reported.  It is unknown what these microgrooves represent. They may be a result of 
periodontal degeneration or they may be developmental in nature.  Also, it is unknown if the 





The aim of this study is to further characterize microgrooves detected in areas of 
periodontal destruction. 
Materials and Methods 
Original study design: 
Hopeless periodontally involved teeth were studied with the videoscope and 
histologically for evidence of microgrooves.   
This study began with a case series of extractions using the videoscope.  Due to low 
patient recruitment, this part of the study was discontinued and attention was focused on 
examining previously extracted periodontally hopeless teeth.   
The material and methods for the initial study are listed below.  This study met IRB 
approval with IRB Number 2017-0185-CD-EXP. 
Inclusion criteria: Patients with a history of periodontitis with hopeless teeth secondary to 
periodontal disease that are treatment planned for extraction as part of their periodontal/ implant 
treatment.  
Exclusion criteria: Uncontrolled systemic disease, pregnant patients, patients with a 
history of IV bisphosphonates or other medical conditions that make them unsuitable for 
periodontal therapy.  
Hopeless teeth that were treatment planned for extraction and bone preservation in 
preparation for the placement of an implant or that are extracted during periodontal surgery were 
observed with the videoscope in vivo.  Surgical flaps consistent with the previously established 
treatment plan for the area were made to access the teeth and record their appearance using the 
videoscope to record its clinical appearance.  No surgical treatment or extraction took place for 





Heavy calculus was removed in a routine fashion under videoscope guidance so that the 
structure of the root surface could be visualized.  When a microgroove was identified, its 
location was recorded in situ by photographing it with a DSLR camera and careful videoscope 
video recordings will be made from multiple different angles.   
The tooth was then extracted carefully so as to not damage this area of concern. Special 
care was used to not fracture the cementum in the root surface area of interest.  The area of 
concern (microgroove) was marked on the root surfaces after extraction utilizing a ½ round bur, 
about 2.5 mm above and below.  Specimens were stored in formalin.   
The teeth were evaluated and photographed under a light (dissecting) microscope   The 
teeth were then prepared for histologic evaluation. Samples were demineralized and processed 
conventionally with hematoxylin and eosin staining. Following histologic preparation the 
microgrooves were characterized and a determination made as to the depth of the microgroove 
and whether it is limited to the cementum layer or whether it penetrated in the underlying dentin 
layer.   
Modified study design: 
Due to low patient recruitment from the original design, we modified our materials and 
methods from above to include extracted periodontally hopeless teeth that were extracted from 
the undergraduate and graduate clinics, without the aid of the videoscope during surgery. 
Samples were then examined with the videoscope for evidence of microgrooves.  Representative 
samples were chosen to be studied histologically, as described above.   
Furthermore, premolars without a history of periodontal disease that were extracted for 
orthodontics reasons were included in the study as controls.  Also, Dr. Harrel provided dried 





Primary Research Question: 


























CHAPTER III  
RESULTS 
 
The specimens are divided into four groups.  The specimens labeled in the 100s are 
periodontally involved extracted teeth.  The specimens labeled in the 200s are periodontally 
involved teeth, extracted in conjunction with the periodontal surgery in which videoscope was 
used.  The specimens labeled in the 300s are periodontally involved extracted teeth that were 
dried specimens.  Finally, control teeth that were extracted for orthodontic reasons were 
examined.  The control teeth had no history of periodontal disease or past periodontal treatment.   
 
Periodontally Involved Extracted Teeth 
102 
  







Figure 3-2: Specimen 102 Photograph 
 
 






102: In this specimen a groove is visible on the root trunk extending to the furcation on the 
mesial facial aspect of the mesial root of a maxillary molar.  A variation of darkness of color is 




Figure 3-4: Specimen 102 Histologic Photograph 2.5x 
 
In this histologic view of specimen 102, a clearly defined anatomical folding of the tissue around 
the microgroove as it approaches the furcation is seen.  Shown at this location is a darkening 
within the dentin that corresponds with the location of the microgroove.  Also observed is 
cementum detached at the level of the groove, as well as slight detachment at an area to the right 








Figure 3-5: Specimen 104 Microscope 12.5x 
 
 






Figure 3-7: Specimen 104 Videoscope 
 
104: This specimen of a maxillary first premolar appears to have a microgroove on the distal 
facial aspect of the root. The microscope and videoscope depict what appears to be a clearly 







Figure 3-8: Specimen 104 Histologic Photograph  
 
Histologically one observes what appears to be a clear break in the cementum and dentinal 
surfaces, with part of the specimen being lost in processing.  This appears to be either the result 













Figure 3-9: Specimen 108 Microscope 12.5x 
 
 







Figure 3-11: Specimen 108 Videoscope 
 
108: Seen here is a faint straight line on the distal lingual aspect of this mandibular incisor.  This 







Figure 3-12: Specimen 108 Histologic Photograph 10x 
 
In this specimen, shown is evidence of reparative cementum, which is a sign of repair by the 
tooth to trauma or bacterial insult.  Also observed is the interface between the reparative 
cementum and the dentin, which appears fractured in this area, perhaps due to histologic 











Periodontally Involved Extracted Teeth, Videoscope Extraction 
201 
 
Figure 3-13: Specimen 201 Microscope 12.5x 
 
 







Figure 3-15: Specimen 201 Videoscope 
 
201: In this case, a maxillary right second premolar was extracted in conjunction with the 
videoscope. Unfortunately, video was not taken during the procedure, but was taken immediately 







Figure 3-16: Specimen 201 Histologic Photograph 10x 
 
Here is what appears to be a slight tear of the dentinal surface.  This could either be from 
processing of the specimen, iatrogenic, or from trauma.  The cementum appears to be entirely 














Figure 3-17: Specimen 302 Microscope 12.5x 
 
 






Figure 3-19:  Specimen 302 Videoscope 
 
302:  Here is a very clearly demarcated line on a dried tooth specimen.  The tooth had been 
endodontically treated.  The line appears to have a “lightning bolt” appearance with several 






Figure 3-20: Specimen 302 Histologic Photograph 10x 
 
Here seen is what appears to be a fracture of the dentin into the pulpal tissue area.  The 
















Figure 3-21: Specimen 306 Microscope 12.5x 
 
 
Figure 3-22: Specimen 306 Videoscope 
 









Figure 3-23: Specimen 306 Histologic Photograph 2x 
 
Evident here is a fracturing of the dentinal tissue that extends through the entire tooth, into the 












Figure 3-24: Specimen 311 Microscope 12.5x 
 
 
Figure 3-25: Specimen 311 Videoscope 
 
311: This dried specimen appears to have several, scale like fractures of the root that are 






Figure 3-26: Specimen 311 Histologic Photograph 10x 
 
A clear fracture is seen through the dentinal tissue.  The cementum appears to be either very fine 
or detached from this specimen.  Notable is some slight darkness of the dentin at the edge of the 












Figure 3-27: Specimen 312 Microscope 12.5x 
 
 
Figure 3-28: Specimen 312 Videoscope 
 
312:  This specimen presents with a large green calculus band.  There is a small, faint vertical 






Figure 3-29: Specimen 312 Histologic Photograph 10x 
 
This groove appears to have calculus associated with it.  A dark band stretches around the defect.  















Figure 3-30: Specimen 314 Microscope 12.5x 
 
 
Figure 3-31: Specimen 314 Videoscope 
 
314:  This is a clear fracture of the specimen.  This was included as a kind of control for what a 







Figure 3-32: Specimen 314 Histologic Photograph 
 
This is an example of a known fractured tooth that’s serving as a kind of control for an example 
of fracturing.  Seen is a straight, clean break through the dentin, that continues into the pulpal 














Figure 3-33: Specimen 315 Microscope 12.5x 
 
 
Figure 3-34: Specimen 315 Videoscope 
 
315:  Here seen is more evidence of the “scaly” texture of a dried specimen, which presents with 






Figure 3-35: Specimen 315 Histologic Photograph 10x 
 
Here, a fracture is seen that comes from the root surface and terminates within the dentin, prior 
to the pulpal tissue.  Also, this tear extends to either side, 90 degrees from the entry point.  
Because of some folding of the specimen, the presence or absence of cementum cannot be 














Figure 3-34: Specimen C-0 Microscope 12.5x  
 
C 0-S:  This is an example of a virgin tooth, without periodontal disease or decay and not 
instrumented.   
 
Figure 3-35: Specimen C-0 Histologic Photograph 10x 
 
Here is an example of a virgin premolar tooth, where one sees a clear band of intact cementum 







Figure 3-36: Specimen C-1 Microscope 12.5x 
 
C 1-S:  Here the virgin tooth in scaled with one stroke.     
 
 
Figure 3-37: Specimen C-1 Histologic Photograph 40x 
 






 Control 10-S  
 
Figure 3-38: Specimen C-10 Microscope 12.5x 
 
C 10-S:  Here the virgin tooth in scaled with ten strokes.   
 
 
Figure 3-39: Specimen C-10 Histologic Photograph 10x 
 
Seen is evidence of cementum removal from scaling ten strokes on the control virgin tooth.  This 
is in contradistinction from some of the previous examples of microgrooves.  This demonstrates 





CHAPTER IV  
DISCUSSION 
 
First let us start with the limitations of this study.  Possible bias is that, aside from the 
control premolar specimens, that all the specimens were indeed extracted for periodontal reasons.  
Perhaps some specimens extracted for some other reason could have been collected.  Also, there 
is bias in how the teeth were extracted.  Teeth collected may have been extracted in more 
traumatic fashions, leading to artifacts on the specimens, perhaps even fracturing.   
 Also there is possible bias in interpretation of the slides.  Finding the exact landmarks of 
certain teeth and corresponding this to the histological slides is somewhat of a challenge given 
some confounding artifacts of histologic processing.   
 Also, possible histologic processing artifacts must also be interpreted vs how the 
specimens naturally present.  
 For the live extraction element of the study, the authors wish that there was more ease in 
patient recruitment.  Due to the limitations of the dental school, most patients in need of 
extractions, go through the undergraduate clinic, where extractions are more economical and 
convenient for scheduling.  Although there was an effort to offer a discount for extraction for the 
study, this was not able to attract adequate patient recruitment for the live part of the study.   
 Still, this study helps elucidate the nature of microgrooves.  The intent of this study is 
observational and descriptive, of something that has not been named or categorized by anyone 
except Harrel et al (50).   
 Regarding the dried specimens, these were mostly associated with fractures of the teeth 





these may have originally been microgrooves had they been preserved, it seems that the drying 
process of the specimens made them more susceptible to this kind of fracturing.   
 Along with interpretation of our specimens, it is the author’s wish to postulate 
categorization of the origin of these microgrooves.    
First, we exclude remnants of Sharpey’s fibers’ attachments from microgrooves.  
Although these areas may be associated with microgrooves, they present on a more microscopic, 
fine level, as thin horizontal grooves.  Perhaps these may be considered as a subcategory of what 
Dr. Harrel defines as microgrooves.   
Secondly, microgrooves have been shown to be associated with gross anatomical 
features, including furcation areas and line angles, where there is a natural folding of cementum 
and dentin, which may lead to areas where grooves will naturally occur 
Thirdly, occlusal influence cannot be ruled out, as this has been shown to be one of the 
greatest influences on cemental tears.  Since cemental tears are a complete break of the 
cementum from the dentinal surface, it is deduced that occlusion interferences may affect 
microgrooves as well.   
As has been demonstrated by the literature review, bacteria and periodontal disease have 
been shown to weaken and damage the cemental surfaces.  This also is likely a strong 
contributing factor to microgrooves.   
Lastly, as has been demonstrated by the literature review as well as with the control 
specimens, iatrogenic effects to the root surfaces likely play a contributing factor to the presence 
of microgrooves, especially in many periodontal patients who may have received several rounds 






CHAPTER V  
CONCLUSION 
 
In conclusion, microgrooves, or so called “Lines of Harrel,” are believed to be 
disturbances of the cementum, that may be associated with the underlying dentin.  They may be 
related to periodontal disease, occlusal discrepancies, gross anatomical features, as well as 
iatrogenic root planing.  Microgrooves may be precursors or related to cemental tears or dentinal 
fractures.  
 To more completely understand microgrooves and their significance, the following 
research questions are considered:  1.  Are microgrooves present on non-periodontally involved 
teeth?  This asks if these are present congenitally, outside of the effect of periodontal 
involvement.  2.  What are the SEM surface and cross section characteristics of microgrooves?  
The authors believe that likely these would be in congruence with Canis’s studies.  3.  Do 
microgrooves require treatment beyond EDTA application and routine periodontal care?  4.  
What are the implications for the disease process for a tooth with microgrooves, vs a tooth 
without microgrooves?  5.  Do microgrooves predispose a patient/ area of the tooth to 
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